Towards quantitative metabolomics of mammalian cells: development of a metabolite extraction protocol.
Metabolomics aims to quantify all metabolites within an organism, thereby providing valuable insight into the metabolism of cells. To study intracellular metabolites, they are first extracted from the cells. The ideal extraction procedure should immediately quench metabolism and quantitatively extract all metabolites, a significant challenge given the rapid turnover and physicochemical diversity of intracellular metabolites. We have evaluated several quenching and extraction solutions for their suitability for mammalian cells grown in suspension. Quenching with 60% methanol (buffered or unbuffered) resulted in leakage of intracellular metabolites from the cells. In contrast, quenching with cold isotonic saline (0.9% [w/v] NaCl, 0.5 degrees C) did not damage cells and effectively halted conversion of ATP to ADP and AMP, indicative of metabolic arrest. Of the 12 different extraction methods tested, cold extraction in 50% aqueous acetonitrile was superior to other methods. The recovery of a mixture of standards was excellent, and the concentration of extracted intracellular metabolites was higher than for the other methods tested. The final protocol is easy to implement and can be used to study the intracellular metabolomes of mammalian cells.